Background: Increased exposure of colonic and rectal epithelial cells to the promitotic and antiapoptotic effects of insulin and insulin-like growth factors (IGF) is hypothesized to increase colorectal cancer risk.
Introduction
Colorectal cancer is the third most frequently diagnosed cancer in men and women in the United States, with an estimated 142,570 new cases diagnosed and 51,370 deaths occurring annually (1) . Obesity, diabetes, and low levels of physical activity are positively associated with an increased risk of colorectal cancer (2-4) and have been hypothesized to influence the risk of disease by increasing the exposure of colonic and rectal epithelial cells to the promitotic and antiapoptotic effects of insulin and insulin-like growth factors (IGF; ref. 5 ).
The IGF system regulates cellular growth, differentiation, and apoptosis via a complex system of circulating growth factors (IGF-I and IGF-II), cell surface receptors (IGF receptors 1 and 2), and binding proteins [IGF-binding proteins (IGFBP)-1 to 6); ref. 6 ]. IGF-I, the IGF found in the circulation, has been shown to be a potent mitogen and to inhibit apoptosis (6, 7) , properties that potentially increase the risk of cancer. Conversely, IGFBP-3, the primary binding protein for IGF-I, may reduce cancer risk through its ability to mediate the bioavailability of free IGF-I in circulation and, in an IGF-I-independent manner, reduce cellular proliferation and stimulate apoptosis (8) . Hyperinsulinemia may also increase the risk of colorectal cancer, as it has been reported in vivo to increase cell proliferation and aberrant crypt foci in the colon (9, 10) and to inhibit the transcription of IGFBP-1 (11) . In addition, glucokinase, a hepatic hexokinase and glucose sensor in pancreatic b-cells, is involved in insulin/glucose homeostasis. Therefore, factors influencing glucokinase, or the levels of glucokinase regulatory protein (GKRP) involved in the nucleus-cytosol localization of glucokinase (12) , may influence the risk of cancer through modifications of circulating insulin and glucose.
Despite biologic evidence for a role of the IGF system and hyperinsulinemia in the etiology of colorectal cancer, previous epidemiologic studies, including a recent metaanalysis (13) , have reported only modest positive associations between serum levels of IGF-I and colorectal cancer (13) (14) (15) (16) (17) (18) (19) (20) (21) with risk estimates generally failing to differ from unity in individual studies (13, 16, 17, (19) (20) (21) . Associations for circulating levels of IGF-II (17, (22) (23) (24) , IGFBP-3 (13, (15) (16) (17) (18) 20) , and insulin (16, 20, 21, (25) (26) (27) (28) (29) (30) (31) (32) with the risk of colorectal cancer have been similarly equivocal. Recent genome-wide association studies (GWAS) and candidate gene studies have identified several single-nucleotide polymorphisms (SNP) associated with circulating levels of IGF-I (33) (34) (35) , IGFBP-3 (33) (34) (35) (36) (37) (38) (39) , and insulin levels (40, 41) . As circulating levels of these hormones have been shown to change with age, diet, and other lifestyle factors (13) , polymorphisms in gene regions regulating serum concentrations may better reflect long-term exposure and exhibit an association with colorectal cancer risk.
For this report, we examined whether we could replicate associations identified in previous studies between selected SNPs and circulating IGF-I, IGF-II, IGFBP-1, IGFBP-3, insulin, or glucose levels and whether the genetic variants were associated with the risk of colorectal cancer in a case-control study nested within the Multiethnic Cohort (MEC) Study. In addition, we examined whether associations between IGF/insulin-associated SNPs and colorectal cancer risk may be partially mediated by circulating IGFs, insulin, or glucose by evaluating whether these biomarkers were associated with the risk of colorectal cancer and if genotypic associations could be explained by variations in biomarker concentrations.
Materials and Methods

Study population
The MEC is a longitudinal study designed to investigate associations between dietary, lifestyle, genetic factors, and the incidence of cancer and has been described previously in detail (42) . Briefly, from 1993 to 1996, more than 215,000 men and women who were between 45 and 75 years of age at recruitment and residing in Hawaii and California entered the cohort. Potential participants were identified through drivers' license files, voter registration lists, and Medicare files to obtain a multiethnic sample of African-Americans, Japanese-Americans, Latinos, Native Hawaiians, and Whites. At cohort entry, participants completed a self-administered, 26-page baseline questionnaire that included a detailed quantitative food frequency questionnaire and queries on demographic characteristics, anthropometric measures, medical history, family history of cancer, reproductive and menstrual history, cancer screening practices, occupational history, and physical activity. The study protocol was approved by the Institutional Review Boards of the University of Hawaii (Honolulu, HI) and the University of Southern California (Los Angeles, CA).
A biospecimen subcohort of MEC participants was established from 1996 to 2006. First, incident colorectal cancer cases were contacted to provide a blood sample after diagnosis, as well as a random sample of the cohort to serve as controls. Between 2001 and 2006, all surviving cohort members were recontacted and asked to provide biologic specimens (blood and urine) to constitute a prospective biorepository. Blood samples were drawn and processed within 4 hours of collection by centrifugation. Blood components (serum, plasma, buffy coat, red cells) were aliquoted into 0.5-mL cryotubes and stored in the vapor phase of liquid nitrogen (À150 C). For 95% of the biorepository participants, !8-hour fasting blood samples were obtained. In total, 67,594 cohort members contributed to the biorepository from which cases and controls were selected for the present study.
Selection of cases and controls
For the analyses examining the associations of IGF/ insulin-associated SNPs with the risk of colorectal cancer, cases were defined as all participants providing a biologic specimen to the MEC biorepository (pre-or postdiagnostic) and identified through regular linkages of the cohort to the Surveillance, Epidemiology, and End Results (SEER) cancer registries for Hawaii and California to have had a diagnosis of invasive colon (ICD-O-3 codes C18.0-C18.9) or rectal (ICD-O-3 code C20.9) cancer (n ¼ 1,954 cases and n ¼ 2,587 controls) after the cohort baseline. Controls for these analyses were defined as participants free of a diagnosis of colon or rectal cancer and were randomly selected from the biorepository and matched to cases on age, sex, race, and the date of blood draw. For the analyses examining the associations of IGF/insulin-associated SNPs with circulating biomarker concentrations and for the analyses examining the associations between circulating biomarker concentrations and the risk of colorectal cancer, only those cases providing prediagnostic biospecimens were included. For these analyses involving biomarker concentrations, only controls that remained free of colorectal cancer on the last follow-up date (December 31, 2004) were eligible for this analysis and were matched to cases with biomarker measurements on age, sex, race, date of blood draw, and hours of fasting before blood draw. For IGF-I, IGFBP-1, IGFBP-3, insulin, and glucose, data on serum values were available for 258 colorectal cases and 1,701 controls. For IGF-II, data were available for 255 colorectal cases and 1,571 controls. The median time from blood draw to the date of diagnosis for cases providing prediagnostic serum samples was 595 days.
SNP selection and genotyping
Five SNPs previously identified to be associated with circulating levels of IGF-I (33-35), IGFBP-3 (33-39), or insulin (40, 41) were selected for this study. Genotyping was conducted at the University of Hawaii Cancer Center on amplified DNA samples purified from blood buffy coat using QIAamp DNA Blood Kits (Qiagen). The genotyping of the 5 IGF/insulin-associated SNPs (rs35767, rs780094, rs2854744, rs2854746, and rs3110697) was conducted using the TaqMan Allelic Discrimination Assay from Applied Biosystems. All assays were conducted by laboratory personnel blinded to the case-control status of the samples. Among controls, all SNPs were found to be in Hardy-Weinberg equilibrium (P > 0.05) in at least 4 of the racial/ethnic groups included in the analysis. Replicates were genotyped for more than 10% of the samples and, after our quality control filters, were all concordant. The average genotyping call rate was 98.1%.
Biochemical assays
All assays were conducted at McGill University (Montreal, QC, Canada) in the laboratory of M.N. Pollak. Samples for cases and controls were thawed and analyzed together with laboratory personnel blinded to the casecontrol status of the samples. ELISAs from Diagnostic System Laboratories were used to obtain serum values for IGF system biomarkers. IGF-I and IGF-II assays included an acid-ethanol precipitation to reduce the interference with IGFBPs. The molar ratio of IGF-I and IGFBP-3 was calculated using the conversion factor of 0.13 for IGF-I and 0.035 for IGFBP-3 (as specified by the manufacturer). Insulin concentrations were measured using standard ELISA method with reagents purchased from Millipore Corp. Glucose levels were determined using quantitative colorimetric method with reagents purchased from Bio-Assay Systems. Homeostatic model assessment (HOMA) was calculated as the product of fasting glucose (mg/dL) and insulin (mIU/mL) divided by 405 (43) . Blinded duplicates for a randomly selected subset of samples ($5%) showed an average intrabatch coefficient of variation (CV) of 2.4%, 2.9%, 2.7%, 2.4%, 3.4%, and 2.3% for IGF-I, IGF-II, IGFBP-1, IGFBP-3, insulin, and glucose, respectively. The average interbatch CV was 4.2%, 3.9%, 5.9%, 4.5%, 5.3%, and 2.9% for IGF-I, IGF-II, IGFBP-1, IGFBP-3, insulin, and glucose, respectively.
Statistical analyses
Serum concentrations of IGF system biomarkers, insulin, and glucose were regressed on IGF/insulin-associated SNPs to estimate their association, assuming an additive genetic model. Serum values were natural log-transformed to better meet the linear model assumptions, and geometric means and 95% confidence intervals (CI) calculated for each genotype, adjusting for age, sex, race/ ethnicity, and case-control status.
Unconditional logistic regression of colorectal cancer was used to obtain ORs and 95% CIs for IGF/insulinassociated SNPs. Genotypic ORs were calculated assuming a codominant genetic model adjusted for age, sex, and race/ethnicity with the most common homozygote genotype serving as the referent in all models. Linear trends were tested by modeling SNPs as continuous variables in logistic models (log-additive model). The independent effect for each SNP was examined by entering all SNPs into a single multivariable logistic regression model. The heterogeneity of effect for SNP-colorectal cancer associations across racial/ethnic groups was tested by a Wald test of the cross-product term. Associations for the main SNP effects were also examined in analyses stratified by anatomic subsite (colon/rectum) and by colorectal cancer risk factors. Heterogeneity by anatomic subsite was assessed using polytomous logistic regression and was statistically tested using the Wald test.
To estimate the associations of prediagnostic circulating IGF system biomarkers, insulin, and glucose with the risk of colorectal cancer, unconditional logistic regression was used to obtain ORs and 95% CIs. Tertiles of serum values were examined in all models using cutoff points based on the exposure distribution among controls. The lowest exposure group served as the referent in all models. Crude logistic regression models were adjusted for age, sex, and race/ethnicity. Multivariable models were further adjusted for personal history of colorectal polyps (yes/no), family history of colorectal cancer (yes/no), body mass index (BMI; kg/m 2 ; continuous), moderate or vigorous physical activity (continuous), processed meat intake (g/1,000 kcal/d; continuous), pack-years of cigarette smoking (continuous), and alcohol consumption (ethanol g/d; continuous) to examine the impact of colorectal cancer risk factors on model estimates. Covariates selected for inclusion were those shown previously to be associated with the risk of colorectal cancer in MEC plasma studies of colorectal cancer. Additional colorectal cancer risk factors were not included in the final models as they were not found alone, or in combination, to change the risk estimates by more than 10% (44) . Linear trends were tested by modeling tertile medians as a continuous variable in regression models. The heterogeneity of effect for serum biomarkers across racial/ethnic groups was tested by a Wald test of the cross-product term. As previous analyses in the MEC have found IGF levels to differ by age, sex, race/ethnicity, and BMI (45) (46) (47) , departures from the assumption of multiplicative joint effects for IGF system biomarkers and age, sex, race/ethnicity, and BMI were tested by a Wald test of the cross-product terms. Associations for the main biomarker effects were also examined in analyses stratified by anatomic subsite (colon/rectum).
For the SNPs found to be associated with the risk of colorectal cancer, statistical mediation analyses were conducted by entering prediagnostic insulin, glucose, and IGF system biomarkers, independently and in combination, as covariates into logistic regression models. Serum values changing the risk of colorectal cancer by more than 10% were considered to partially mediate the SNP-colorectal cancer association. All data analyses were conducted using SAS 9.2 statistical software (SAS Institute Inc.).
Results
Baseline characteristics of colorectal cases and controls
The baseline characteristics of study participants by case-control status are provided in Table 1 . The median ages at blood draw were 70 and 69 years of age for cases and controls, respectively. There was a higher proportion of males than females for both cases (55%) and controls (58%). Japanese-Americans comprised the largest racial/ ethnic group (32%), followed by African-Americans, Latinos, Whites, and Native Hawaiians. For colorectal cancer risk factors, median values were similar for cases and controls for hours of moderate or vigorous physical activity, processed meat intake, and alcohol consumption; however, cases were more likely to report a family history of colorectal cancer, a higher BMI, and greater pack-years of cigarette smoking than controls. In our sample, the median levels of IGF-I and IGFBP-3 were lower and the median levels of IGF-II, IGFBP-1, insulin, and HOMA were higher for cases than for controls.
Associations of IGF/insulin-associated SNPs with circulating biomarker concentrations
Associations between IGF/insulin-associated SNPs and circulating biomarker concentrations are given in Table 2 . Previously observed associations for the IGF1 rs35767 polymorphism with circulating IGF-I levels (P ¼ 0.001) and the IGFBP3 rs2854744 (A-202C; P ¼ 2 Â 10 À8 ), IGFBP3 rs2854746 (G-2133C; P ¼ 1 Â 10 À12 ), and IGFBP3 rs3110697 (P ¼ 3 Â 10 À6 ) polymorphisms, with circulating IGFBP-3 levels replicated in additive genetic models adjusted for age, sex, race/ethnicity, and case-control status. However, the glucokinase regulator (GCKR) rs780094 polymorphism was not associated with circulating levels of insulin (P ¼ 0.941) or glucose (P ¼ 0.272) in our sample (data not shown). All 5 SNPs examined were associated with the IGF-I:IGFBP-3 molar ratio (P 0.002). Mean IGF-II levels were found to differ by genotype for SNPs GCKR rs780094, IGFBP3 rs2854744, IGFBP3 rs2854746, and IGFBP3 rs3110697 (P < 4 Â 10 4 ). In no model, did all SNPs combined or an individual SNP account for more than 4.0% and more than 3.1%, respectively, of the variance in circulating hormone levels.
IGF/insulin-associated SNPs and the risk of colorectal cancer
The ORs and 95% CIs for associations between IGF/ insulin-associated SNPs and the risk of colorectal cancer are presented in Table 3 . Adjusting for age, sex, and race/ ethnicity, the risk of colorectal cancer was lower for carriers of the GCKR rs780094 TT genotype (OR, 0.77; 95% CI, 0.64-0.92; P trend ¼ 0.007) than for GCKR rs780094 CC homozygotes. No statistically significant associations Heterogeneity in disease risk by race/ethnicity was detected for SNPs IGF1 rs35767 and GCKR rs780094 (P ¼ 0.025 for both). In analyses stratified by race/ethnicity, among Latinos, the risk of colorectal cancer for IGF1 rs35767 was lower for carriers of the AA genotype (OR, 0.41; 95% CI, 0.19-0.86; P trend ¼ 0.033) than for GG homozygotes but did not reach statistical significance in the other racial/ethnic groups ( Supplementary Table S1 ). For GCKR rs780094, the risk of colorectal cancer was lower for homozygous carriers of the minor T-allele among African-Americans (OR, 0.42; 95% CI, 0.22-0.88; P trend ¼ 0.429) and for Latinos (OR, 0.54; 95% CI, 0.34-0.86; P trend ¼ 0.006) than for CC homozygotes but not among Japanese-Americans or Whites.
Statistical mediation analyses were conducted for the GCKR rs780094 polymorphism in the total study population. In no model were circulating biomarkers, independently or in combination, found to influence the SNP-colorectal cancer association. Statistical mediation analyses for racial/ethnic-specific associations could not be conducted because of the limited data for participants possessing variant homozygote genotypes and circulating hormone levels within racial/ethnic groups. 
Prediagnostic circulating biomarkers and the risk of colorectal cancer
The crude and multivariable adjusted ORs and 95% CIs for associations of prediagnostic circulating biomarkers with the risk of colorectal cancer are presented in Table 4 . Adjusting for colorectal cancer risk factors, the risk of colorectal cancer was higher for participants in the third tertile than in the first tertile of IGF-II concentration (OR, 1.58; 95% CI, 1.09-2.28; P trend ¼ 0.011). For IGFBP-3, participants in the second (OR, 0.58; 95% CI, 0.40-0.83) and third (OR, 0.53; 95% CI, 0.34-0.83; P trend ¼ 0.003) tertiles of exposure were at a lower risk of colorectal cancer relative to those in the first. In crude models, the risk of colorectal cancer was higher for participants in the 16 ; P trend ¼ 0.004) exposure. In multivariable models, risk estimates for insulin and HOMA no longer reached statistical significance; however, this attenuation was entirely explained by the addition of BMI to the statistical model. Racial/ethnic heterogeneity in the risk of colorectal cancer was detected for circulating glucose (P ¼ 0.009), although in analyses stratified by race/ethnicity, no clear racial/ ethnic differences were observed (data not shown). In analyses of circulating levels stratified on anatomic subsite, findings for colon and rectal cancers were similar to that for colorectal cancer in all models (data not shown).
Discussion
In this case-control study nested within the MEC, we were able to replicate associations for the IGF1 rs35767 polymorphism with circulating IGF-I levels and for the IGFBP3 rs2854744, rs2854746, and rs3110697 polymorphisms with circulating IGFBP-3 levels but not for the GCKR rs780094 polymorphism with circulating levels of insulin or glucose. We found a lower risk of colorectal cancer among GCKR rs780094 TT homozygotes which was strongest for African-Americans and Latinos, but in the direction of decreased risk for all groups included in the MEC. The lower risk of colorectal cancer among GCKR rs780094 TT homozygotes also appeared to be confined to participants below the median value for BMI, participants reporting no history of diabetes, and to cancers of the colon. In analyses examining associations of prediagnostic circulating IGF system biomarkers, insulin, and glucose with the risk of colorectal cancer, we found an increased risk of cancer among participants with the highest circulating levels of IGF-II and a decreased risk of cancer among participants with the highest circulating levels of IGFBP-3. These associations remained after controlling for colorectal cancer risk factors and were similar across the racial/ethnic groups included in the MEC.
To the best of our knowledge, ours is the first study to report an inverse association for the GCKR rs780094 polymorphism with the risk of colorectal cancer. In previous studies, the GCKR rs780094 variant allele has been found to be associated with decreased levels of insulin (40, (48) (49) (50) , glucose (40, (48) (49) (50) , and the risk of type II diabetes (40, (48) (49) (50) . Thus, the association of this variant with colorectal cancer risk provides some support for the role of insulin and glucose in this cancer; however, while circulating levels of insulin and glucose were lower for GCKR rs780094 homozygotes, these associations did not reach statistical significance. The lack of statistical significance for the SNP and biomarker association may largely reflect our limited sample size and power for these analyses. In contrast, we found a strong association of GCKR rs780094 with serum IGF-II and IGFBP-3, and to a lesser extent serum IGFBP-1. Furthermore, as the GCKR rs780094 variant has shown pleiotropic associations with several disease traits hypothesized to influence colorectal cancer risk, it remains plausible that if causal, the inverse association for GCKR rs780094 may be operating via pathways other than those examined. It is also noteworthy, that the inverse association for carriers of the GCKR rs780094 TT genotype was confined to participants below the median value for BMI in our sample. Thus, any effect that the variant allele may have on biologic factors influencing disease risk may be is modest and is possibly mitigated by obesity-related metabolic sequelae. Furthermore, as no association between the GCKR rs780094 polymorphism and the risk of colorectal cancer has been reported in GWAS to date, our results may represent a chance finding and require replication. Once public GWAS data become available, we will better be able to see how this SNP ranks in relation to the risk of disease.
We hypothesized the intronic GCKR polymorphism rs780094 may influence the risk of colorectal cancer via long-term modulation of circulating insulin and glucose levels based on previous reports; however, the results from recent fine mapping (51) and functional studies (52) suggest that the nonsynonymous GCKR rs1260326-Pro446Leu polymorphism may be the functional variant. The rs1260326 is in high linkage disequilibrium with rs780094 in several of the HapMap populations (41) and it has been shown that the variant results in the reduced ability of fructose-6-phosphate to regulate GKRP, indirectly resulting in impaired glucokinase activity and glycolytic flux (52); potentially increasing the risk of colorectal cancer. As the GCKR rs780094 polymorphism has been found to be correlated with various metabolic traits associated with chronic disease risk (41, 51, 53, 54) , future studies should also test rs1260326 and additional related metabolic pathways, including the IGF pathway.
Our overall findings for the IGF1 rs35767 polymorphism and colorectal cancer are consistent with 2 previous null reports (55, 56) . Interestingly, despite a positive association with circulating IGF-I levels, risk estimates for colorectal cancer were in the direction of a decreased risk for carriers of the rs35767 minor A-allele, perhaps reflecting that the influence of this variant on plasma levels may be too small to affect risk. Our findings for IGFBP-3 rs2854744 (A-202C; refs. 55-58) and rs2854746 (G-2133C; refs. 55, 56) are also consistent with several previous reports that have not detected an association between polymorphisms in this gene region and the risk of colorectal cancer. We were unable to confirm our previous report of a positive association of colorectal cancer with the rs2854746 variant C-allele in the MEC (39) with this much larger sample size.
Our findings for prediagnostic circulating levels of IGF-II and IGFBP-3 are consistent with a model by which increased colonic and rectal exposure to biologically active IGF hormones may increase the risk of cancer. In a meta-analysis of prospective studies examining associations of IGF-II with the risk of colorectal cancer, Morris and colleagues (24) reported an increased risk of 1.95 (1.26-3.00) for individuals in the fourth versus first quartile of IGF-II exposure. For IGFBP-3, our findings are also consistent with several previous studies reporting an inverse association with the risk of colorectal cancer (14, 15) . However, in a recent large study nested within the European Prospective Investigation into Cancer and Nutrition (EPIC), Rinaldi and colleagues (13) found no association between prediagnostic IGFBP-3 levels and the risk of colorectal cancer, with several other studies also reporting null results (17, 20) . Positive associations for IGFBP-3 and colorectal cancer have also been reported (16, 18) , although these discrepancies may be due to differences in the assay specificities used between studies (13, 59) .
For IGF-I and the IGF-I:IGFBP-3 molar ratio, we found a nonstatistically significant increased risk of colorectal cancer among participants with the highest prediagnostic circulating levels. These findings are consistent with a recent meta-analysis suggesting a modest increased risk of colorectal cancer for a one SD increase in circulating IGF-I (13), with risk estimates in individual studies generally failing to differ from unity (14, 17, 18, (20) (21) (22) . Previous reports examining associations of insulin exposure with the risk of colorectal cancer have also been equivocal. A recent meta-analysis of prospective studies reported a 35% increased risk of colorectal cancer for greater prediagnostic insulin exposure (60); however, risk estimates in several studies failed to reach statistical significance (20, 26, 27, 31, 32) . In our sample, the increased risk of colorectal cancer for higher prediagnostic insulin and HOMA levels in crude models was found to be attenuated upon adjustment for BMI. As insulin is a hypothesized intermediary of the established association between BMI and the risk of colorectal cancer, and as the risk estimates were similar in crude models and multivariable models that did not include adjustment for BMI, we feel these data provide additional support that obesity may operate, in part, through an insulin-mediated pathway in the etiology of colorectal cancer. In addition, at least one previous study has reported that risk estimates for IGF-I and hyperinsulinemia were attenuated in statistical models that allowed for mutual adjustment, leading the authors to conclude that confounding by insulin may account for the observed IGF-I association (28) . However, in our study, mutual adjustment for insulin, IGF-I, and IGF-II had little effect on model estimates. The limited number of colorectal cancer cases across cross-classified tertiles for circulating IGF-I and insulin precluded our ability to examine the joint effects of these hormones on the risk of colorectal cancer.
There are several strengths to the current study, including the prospective design allowing for the prediagnostic assessment of exposures and covariates, the use of multiple biomarkers for IGFs and IGFBPs, the increased variation in exposure due to the diversity of the study population, and the population-based sampling frame used by the MEC allowing for the generalizability of the study results. There were also limitations. First, prediagnostic serum values for IGF system biomarkers, insulin, and glucose were only available for a subsample of study participants reducing the power to detect associations and our ability to conduct certain sub-group analyses. Second, similar to other studies in this area, only a single prediagnostic serum measurement for insulin, glucose, or IGF system biomarkers was available. Despite the potential for misclassification error and the resulting attenuation of risk estimates obtained from a single exposure measure, for IGF-I and IGFBP-3 (61-63), a single measurement has been shown to adequately rank individuals on their long-term exposure. Third, the test of statistical mediation used may not adequately capture biologic mediation (64) and assumes no confounding of the exposure-mediator or mediator-outcome associations or interaction between the exposure and the mediator.
In conclusion, our findings provide additional support to the hypothesis that greater exposure to circulating levels of IGFs and insulin may increase the risk of colorectal cancer. In addition, we detected an association between the rs780094 polymorphism in GCKR and risk of colorectal cancer; however, this finding requires replication. Future studies should also test rs1260326 in GCKR as it may represent the functional variant associated with circulating biomarker concentrations.
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